Objective. To analyze the clinical relevance of the levels of TNF blockers and anti-drug antibodies (anti-drug Ab) in patients with rheumatoid arthritis (RA) and spondyloarthritis (SpA) treated with adalimumab (ADA), etanercept (ETA), or infliximab (INF) for a prolonged period of time. Methods. Clinical characteristics (disease activity, and adverse events), serum TNF blockers, and anti-drug Ab levels were evaluated in 62 RA and 81 SpA patients treated with TNF blockers for a median of 28 months. Results. Anti-ADA Ab were detected in 1 (4.0%) and anti-INF Ab in 14 out of 57 (24.6%) RA and SpA patients. Patient with anti-ADA Ab and 57.1% patients with anti-INF Ab were considered nonresponders to treatment. Anti-ETA Ab were not found in any of 61 ETA treated patients. Anti-ADA and anti-INF Ab levels differ between responders and nonresponders ( > 0.05). Three (5.3%) patients with high serum anti-INF Ab levels developed infusion related reactions. Patients with anti-INF Ab more often required changing to another biologic drug ) and treatment discontinuation (OR 9.28 (95% CI 1.64-52.52)).
Introduction
Tumor necrosis factor alpha (TNF ) blockers, such as adalimumab (ADA), etanercept (ETA), and infliximab (IFX), are playing a significant role in the treatment of autoimmune inflammatory diseases such as rheumatoid arthritis (RA) and spondyloarthritis (SpA). Unfortunately, about onethird of patients do not respond to treatment with TNF blockers. For some patients it is due to primary treatment failure (medication is ineffective or serious side effects appear) or due to secondary treatment failure when TNF blocker loses its effectiveness after an initial good response. Previous studies have shown that clinical response in RA patients is related to ADA, ETA, and INF serum levels; while in ankylosing spondylitis (AS) the literature reports controversial data [1] [2] [3] [4] . Antibody (Ab) formation leads to a lower TNF blocker concentration [5] . This is explained by immune complex formation between biologic medication and Ab with neutralization of the functional part of the drug and an increased clearance of the drug [5] . It is proved in previous studies that anti-drug antibody (anti-drug Ab) levels inversely correlate with therapeutic response and drug levels (one of the reasons for secondary treatment failure) [4] [5] [6] . It was demonstrated that only 4% of patients with anti-adalimumab antibodies (anti-ADA Abs) achieve clinical remission compared with 34% anti-ADA Abs negative ones [6] . In many studies anti-etanercept antibodies (anti-ETA Abs) were not detectable or only in a low number of patients and did not impact the clinical response, indicating that ETA is less immunogenic [4, [7] [8] [9] . The appearance of antibodies (Abs) against the drug has been described in about half of the patients receiving repeated TNF monotherapy; as a consequence, immune suppression by concomitant administration of methotrexate (MTX) is recommended both in RA and SpA patients [10] [11] [12] [13] [14] [15] [16] [17] [18] . Previous studies show that detectable Abs decrease TNF blockers response as much as 80% [19] . ADA, ETA, and INF can induce the formation of Abs, resulting in loss of efficacy and appearance of side effects such as infusion or injection related reactions [8, [20] [21] [22] .
Most of the studies were made with only one or two biologic medications without comparing differences in patients suffering from different inflammatory diseases. The aim of our study was to assess the relationship between clinical response, adverse events, and TNF blockers serum levels and antidrug Ab concentrations in RA and SpA (AS and psoriatic arthritis (PsA)) patients treated with ADA, ETA, and INF for a long period of time. We present data on 143 RA and SpA patients whose blood samples were collected once during treatment with ADA, ETA, or INF in Centre of Rheumatology from January 2012 to December 2013. Lower INF doses were given to all TNF blockers naive RA and SpA patients in our centre because previous studies have shown that in part of the patients these doses were effective [23, 24] . In addition, our center obtained similar results in a retrospective study of RA and SpA patients treated with TNF blockers [25] . This allowed us as a country with a comparatively lower gross domestic product to treat those patients with lower doses of INF [26] .
Patients and Methods
We divided patients into those responding to treatment with TNF blockers (responders) and those not responding (nonresponders). RA patients, whose DAS28 was <3.2 or decreased >1.2 since the initial value, were considered as having good EULAR response; DAS28 ≥3.2 but ≤5.1 or decreased ≤1.2 but ≥0.6, moderate EULAR response; DAS28 >5.1 or decreased <0.6, no response to treatment [27] . RA patients with good or moderate EULAR response were considered as responders, others as nonresponders. SpA patients with ASDAS (calculated with CRP) <1.3 were considered as having inactive disease; whose ASDAS was >1.3 but <2.1, moderate disease activity; >2.1 but <3.5, high disease activity; and >3.5, very high disease activity [28] . SpA patients with inactive disease or moderate disease activity were attributed to responders while patients with high or very high disease activity were considered as nonresponders. Serum samples were collected once (from January 2012 to December 2013) during the treatment course and were stored at −80 ∘ C until TNF blocker and anti-drug Ab were [21] . The microwell strips are provided precoated with an anti-ADA and anti-ETA human F(ab ) 2 fragment. Diluted calibrators, controls, and diluted patient samples are added to separate wells, allowing TNF blocker present to bind to preimmobilized anti-drug Ab. Unbound sample is washed away and a second enzyme horseradish peroxidase-(HRP-) labeled anti-drug monoclonal Ab is added to each well. A second incubation step allows the HRP-labeled anti-drug monoclonal Ab to bind to the TNF blocker that has become attached to the microwells. After washing away the excess of unbound HRP-labeled antidrug Ab, the remaining enzyme activity is measured by adding a chromogenic substrate and measuring the intensity of the color that develops in a spectrophotometer. The signal obtained is proportional to the amount of the drug in the patient sample. ADA concentration ≤0.024 g/mL and ETA concentration ≤0.035 g/mL were considered as negative.
Serum INF Assay Principle.
Promonitor INF is a capture ELISA [21] . The microwell strips are provided precoated with an anti-INF human F(ab ) 2 fragment bound to human recombinant TNF . This format ensures that TNF structure is not disrupted and is available to bind to INF. Diluted calibrators, controls, and diluted patient samples are added to separate wells, allowing INF present to bind to preimmobilized TNF . Unbound sample is washed away and a specific HRP-labeled anti-INF monoclonal Ab is added to each well. A second incubation step allows the anti-INF Ab to bind to the INF that has become attached to the microwells. After washing away the excess of unbound HRP-labeled anti-INF Ab, the remaining enzyme activity is measured by adding a chromogenic substrate and measuring the intensity of the color that develops in a spectrophotometer. The signal obtained is proportional to the amount of the drug in the patient sample. INF concentration ≤0.035 g/mL was considered as negative.
Serum Anti-Drug Ab Assay Principle.
Promonitor anti-ADA, Promonitor anti-ETA, and Promonitor anti-INF are bridging ELISA tests [21] . The microwell strips are provided precoated with TNF blocker. The bridging ELISA takes advantage of the two arms of IgG subclasses 1, 2, and 3, to crosslink the TNF blocker coated on the plane. Calibrators, controls, and diluted patient samples are added to separate wells, allowing anti-TNF blocker Ab present to bind to preimmobilized TNF blocker. Unbound sample is washed away and HRP-labeled TNF blocker is added to each well. A second incubation allows the HRP-labeled TNF blocker to bind to the Ab that has become attached to the microwells. After washing away unbound HRP conjugate, the remaining enzyme activity is measured by adding a chromogenic substrate and measuring the intensity of the color that develops in a spectrophotometer. The signal obtained is proportional to the amount of anti-TNF blocker Ab in the patient sample. Anti-ADA Ab concentration ≤3.5 AU/mL, anti-ETA Ab concentration ≤142.0 AU/mL, and anti-INF Ab concentration ≤2.0 AU/mL were considered as negative.
Statistical Analysis.
Descriptive statistics were provided using the mean, standard deviation (SD), median (Md), and interquartile range (IQR). Frequency data were compared by the Pearson's chi-square and Fisher's exact tests. Differences in quantitative values between groups were analysed using Mann-Whitney nonparametric test and < 0.05 was considered statistically significant. Statistical analysis was performed using the Statistical Package for the Social Sciences version 17.0 (SPSS, Chicago, IL, USA).
Results
Anti-ADA Ab were detected in one patient (4.0%) with undetectable serum ADA levels. In evaluated patients we did not find anti-ETA Ab, although in 4 cases (6.6%) ETA levels were undetectable. Anti-INF Ab were detected in serum samples from 14 (24.6%) patients, in 13 cases with undetectable serum trough INF levels (Table 4) .
At baseline all RA patients had active disease as indicated by a mean (±SD) DAS-28 of 5.76 (±1.35) with no differences for peripheral forms, ASDAS 15.41 (±6.13), and BASDAI 5.5 (±2.78) with no differences in those values between patients that subsequently did (2.91 ± 1.32, 5.73 ± 2.1, and 2.2 ± 0.9, resp.) or did not (2.3 ± 1.39, 4.82 ± 3.25, and 2.83 ± 2.31, resp.) develop anti-INF or anti-ADA Ab ( = 0.326, = 0.564, and = 0.718, resp.). Our results showed a tendency toward higher ADA and INF levels in all patients responding to treatment, but the data was not statistically significant ( Figure 1 ). Patients not responding to treatment had statistically significant higher anti-ADA ( < 0.0001) and anti-INF Ab ( < 0.0001) concentrations (Figure 2) . When analyzing the same data separately in RA and SpA patients results did not differ statistically significant between responders and nonresponders (Figures 3-6 ). All RA and SpA patients, which were responding to treatment, had no detectable anti-drug Ab levels versus nonresponder patients: 1 patient with anti-ADA Ab and 14 patients with anti-INF Ab ( < 0.0001).
One RA patient developed anti-ADA Ab (concentration 2000 AU/mL) with no detectable levels of ADA. For this reason ADA was stopped and treatment was changed to rituximab with success. In 4 patients with good treatment response ETA levels were undetectable, although anti-ETA Ab were not found of all ETA treated patients.
We found 14 patients with anti-INF Ab and 13 of them had no detectable levels of INF. Three patients (5,3%) with anti-INF Ab had infusion related reactions, 8 (57.1%) had insufficient treatment effect; 3 patients had good clinical response. In 3 patients (5,3%) with anti-INF Ab, treatment was discontinued, in 3 cases dose was escalated, in 3 biologic drug was changed, and in 5 cases (8,8%) treatment was not changed (patient's decision). In 3 patients (5,3%) INF and anti-INF Ab levels were undetectable.
In order to know the odds of developing infusion related reactions and TNF blockers treatment emendation in patients with anti-INF Ab, we calculated odds ratio (OR) in 143 evaluated patients. Our data shows that patients with anti-INF Ab have higher odds to have infusion related reaction (OR 5.88 (95% CI 1.04-33.28)), to change to another TNF blocker (OR 11.43 (95% CI 1.08-120.93)), to stop treatment with INF (OR 9.28 (95% CI 1.64-52.52)), although 95% CI for these results are wide suggesting low statistical value of these results. Odds to increase INF dose were not statistically significant (OR 2.07 (95% CI 0.43-9.96)). Nevertheless, patients with anti-INF Ab have lower odds of response to treatment (OR 0.8 (95% CI 0.19-3.38), not significant) and to continue INF with the same dose (OR 0.2 (95% CI 0.05-0.69)).
We found negative correlation between MTX use and presence of anti-drug Ab in ADA patients (Kendall's tau correlation coefficient −0.686 ( = 0.005); Spearman's rho correlation coefficient −0.686 ( = 0.002)), although in INF patients group correlation was not found (Kendall's tau correlation coefficient −0.167 ( = 0.220); Spearman's rho correlation coefficient −0.142 ( = 0.320), resp.).
There was medium negative correlation between INF and anti-INF Ab concentrations (Kendall's tau correlation coefficient −0.473 ( < 0.0001); Spearman's rho correlation coefficient −0.590 ( < 0.0001)); low negative correlation between ADA and anti-ADA Ab was found (−0.302 ( = 0.088) and −0.348 ( = 0.088), resp.).
Discussion
Our study showed influence of anti-ADA Ab and anti-INF Ab on clinical response and odds to have infusion related reactions or treatment emendation in patients with anti-INF Ab (although it has low statistical value).
In the literature the percentage of patients who develop anti-drug Ab varies among different autoimmune inflammatory diseases. Anti-drug Ab have been seen in up to one third of RA and abour 25% SpA patients [2, 3, [30] [31] [32] . Studies have demonstrated that chimeric (mouse-human) drugs, such as INF, have a greater likelihood of inducing anti-drug Ab development than do fully human antibodies [33] . As not all patients treated with anti-TNF agents develop anti-drug Ab, immunogenicity seems to be the result of several factors associated with the treatment, the patient, and the external factors [32] . We have found similar anti-INF Ab formation levels as seen in past studies, 33.3% of patients with RA and 18.2% of patients with SpA. We did not find statistically significant differences between serum TNF blockers concentrations in those responding and not responding to treatment, although previous studies show that serum drug levels strongly correlate with clinical response [2, 3, 6, [19] [20] [21] 32] . These results could be explained by small amount of patients in each group and low initial INF doses. However, we have found increased odds in changing treatment from INF to another TNF blocker, stopping treatment or having insufficient treatment effect in patients with anti-INF Abs. As reported in previous studies patients receiving treatment with INF show a high rate of infusion-related reactions. We found 5,3% patients treated with anti-INF Ab who developed infusion reactions [20] . These data support the view that detectable titers of anti-INF Ab are associated with increased risk of infusion reactions, probably because of the formation of immune complexes and also treatment with low initial INF doses [33] . Our findings indicate that the appearance of anti-INF and anti-ADA Ab is associated with a poor clinical treatment effect, the development of infusion related reactions, and TNF blockers treatment emendation. Detectable levels of TNF blockers in sera of 143 patients did not correlate with clinical response to treatment with one of the TNF blockers (the differences were not found between those who responded or not to the treatment).
In our clinic, for all INF patients, treatment was started with low doses (mean 2.7 (±1.67) mg/kg). Almost half of patients needed dose escalation due to insufficient clinical treatment effect; however only 5.3% of patients with anti-INF Ab dose were escalated due to this reason. This was also shown in previous publications [34] [35] [36] [37] . Although patients in our clinic started treatment with lower than recommended INF dosage, the percentage of patients, requiring dose escalation or rate of infusion reactions, is similar as reported in the studies with adequate INF doses [18] . Levels of low TNF blockers concentrations in sera did not correlate with clinical response in our patients. However it seems that low INF trough levels could influence formation of anti-INF Ab in RA and SpA patients. On the contrary, our data on amount of patients with positive anti-INF Ab titers who were treated with low INF doses did not differ from the data of the studies when the adequate dosage of INF were used [30] [31] [32] 35] .
As known from the literature ETA has the lowest immunogenicity [4, [7] [8] [9] . Accordingly, in our study none of the patients were positive for anti-ETA Ab, complementary, ETA serum drug concentrations were not different in patients responding or not responding to the treatment.
We found one RA patient with positive anti-ADA Ab levels and undetectable concentration of ADA who had poor clinical response. Overall, ADA and anti-ADA Ab serum levels did not correlate with clinical response in RA and SpA patients.
Long disease duration and high disease activity (DAS28 5.76 ± 1.35 in RA patients, ASDAS 15.41 ± 6.13 in axial SpA) before treatment with TNF blockers can be the factors also responsible for the fact that we did not find correlation between detectable levels of TNF blockers and anti-drug Abs with clinical efficacy. Our study had its weaknesses. We had low numbers of patients in groups, and blood samples from the patients were collected in various time intervals (the longest treatment period with INF), and so detection of anti-drug Abs could be influenced by heterogeneity of time periods of treatment.
Conclusions
Anti-INF Ab are associated with loss in clinical response, an increase incidence of infusion reactions, probable secondary treatment inefficacy, and treatment emendation. The detection of anti-drug Ab could be helpful in order to understand the reason of treatment inefficacy when choosing an appropriate medication. Testing for immunogenicity could become a part of a patient's everyday clinical management.
